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SEMICONDUCTOR DEVICE OF CHIP-ON-CHIP STRUCTURE 

BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to a semiconductor 

device of so-called chip-on-chip structure. 
Description of Related Art 

Semiconductor devices of chip-on-chip structure 
have been proposed, which include a first semiconductor 

10 chip (primary chip) and a second semiconductor chip 
(secondary chip) bonded onto the first semiconductor chip, 
for example, with its face down. In this case, electrical 
connection between the first and second semiconductor 
chips is achieved by bonding bumps provided on the 

15 respective chips in opposed relation. For external 

connection after the chip-on-chip structure is sealed 
in a package such as of a resin, wire-bonding between 
terminals of a lead frame and external connection pads 
of the first semiconductor chip is performed. The first 

20 semiconductor chip is die-bonded to an island of the lead 
frame . 

In the chip-on-chip semiconductor device, the 
primary chip and the secondary chip are disposed in close 
proximity to each other. Therefore, a radiation noise 
25 from one of the chips may deteriorate the operating 
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characteristics of the other chip. 

Where the second semiconductor chip of the 
chip-on-chip semiconductor device serves as a driver 
circuit incorporating a bipolar transistor or as a flash 
5 memory circuit with high power consumption and with high 
heat release, the heat dissipation through the lead frame 
is insufficient. This may deteriorate the operating 
characteristics of the second semiconductor chip and, 
in addition, the heat from the second semiconductor chip 

10 may adversely affect the first semiconductor chip. 

Therefore, the semiconductor device may fail to properly 
maintain its operating characteristics as a whole. 
SUMMARY OF THE INVENTION 

It is a first object of the present invention to 

15 provide an improved semiconductor device of chip-on-chip 
structure in which a radiation noise generated by one 
chip is prevented from affecting the other chip. 

It is a second object of the invention to provide 
a semiconductor device of chip-on-chip structure with 

20 a consideration for heat dissipation. 

A semiconductor device according to a first aspect 
of the invention comprises a first semiconductor chip, 
a second semiconductor chip bonded onto the first 
semiconductor chip in stacked relation, and a noise shield 

25 film provided between the first semiconductor chip and 
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the second semiconductor chip for preventing the first 
and second semiconductor chips from being mutually 
influenced by noises thereof. 

With this arrangement, the noise shield film is 
5 provided between the first semiconductor chip and the 
second semiconductor chip . Therefore, the chip-on-chip 
semiconductor device can prevent a radiation noise 
generated by one of the chips from adversely affecting 
the operating characteristics of the other chip. 

10 The semiconductor device preferably further 

comprises a connection mechanism which connects the noise 
shield film to a power supply portion (a power supply 
line or a ground line) . That is, the noise shield film 
is connected, for example, to a supply potential portion 

15 or a ground potential portion of the lead frame via a 
bonding wire, whereby the noise shield film can assuredly 
provide a noise shield effect. 

The noise shield film is preferably a metal film 
provided on a surface of the first semiconductor chip 

20 and/or the second semiconductor chip, the metal film being 
formed of the same metal material as bumps which are to 
be used for bonding the first and second semiconductor 
chips to each other. In this case, formation of the noise 
shield film can be achieved simultaneously with formation 

25 of the bumps. Since the semiconductor chips typically 
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each have a surface protective film formed on the outermost 
surface thereof, the noise shield film is preferably 
provided on the surface protective film. 

Where the first semiconductor chip is greater in 
5 size than the second semiconductor chip, the noise shield 
film may be provided at least on the first semiconductor 
chip for easy connection of the noise shield film to the 
lead frame or the like. 

The noise shield film is preferably provided in 
10 a region which covers a major noise source. Where the 
major noise source is present in the second semiconductor 
chip and the first semiconductor chip is greater in size 
than the second semiconductor chip, for example, the noise 
shield film may include a shield portion which covers 
15 an area of the second semiconductor chip where the major 
noise source is present, and an extension portion 
extending outwardly from the shield portion on the surface 
of the first semiconductor chip. 

The first and second semiconductor chips may be 
20 bonded to each other with active surfaces thereof being 
opposed to each other. 

A semiconductor device according to a second aspect 
of the invention comprises a first semiconductor chip, 
a second semiconductor chip bonded onto the first 
25 semiconductor chip in stacked relation, a heat conductive 



member provided between the first semiconductor chip and 
the second semiconductor chip to define a heat release 
path for releasing heat generated by the second 
semiconductor chip, and a connection member thermally 
5 connecting the heat conductive member to a heat radiator. 

With this arrangement, the heat generated by the 
second semiconductor chip is transferred to the heat 
radiator by conduction through the heat conductive member 
provided between the first and second semiconductor chips 

10 and the connection member. The semiconductor device of 
chip-on-chip structure is thus given a consideration for 
heat dissipation and, even if the second semiconductor 
chip generates a great amount of heat, the semiconductor 
device can properly maintain its operating 

15 characteristics as a whole . That is, the heat dissipation 
from the second semiconductor chip can advantageously 
be achieved, so that the operating characteristics of 
the second semiconductor chip can properly be maintained. 
Further, there is no possibility that the first 

20 semiconductor chip is adversely affected by the heat 
generated by the second semiconductor chip. 

The heat radiator may be aheat sink. In this case, 
the connection member may be a bonding wire which connects 
the heat sink to the heat conductive member. 

25 The heat conductive member is preferably composed 
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of a metal (e.g., gold) having a high heat conductivity. 

The heat conductive member may be a metal film 
provided on a surface protective film of at least one 
of the first semiconductor chip and the second 
5 semiconductor chip. Where the first semiconductor chip 
and the second semiconductor chip are respectively formed 
with such metal films, the metal films are disposed in 
contact with each other or bonded to each other, and the 
metal film provided on the first semiconductor chip is 

10 thermally connected to the heat radiator via the 
connection member such as the bonding wire. 

Where the metal film provided on the surface of 
the first semiconductor chip and/or the second 
semiconductor chip serves as the heat conductive member, 

15 the metal film is preferably formed of the same material 
(e.g., gold) as bumps which are to be provided on the 
surface of the first and/or second semiconductor chip. 
Thus, the metal film can be formed as the heat conductive 
member on the surface protective film simultaneously with 

20 formation of the bumps. 

It is preferred that the first semiconductor chip 
is greater in size than the second semiconductor chip 
and the metal film has an extension portion which extends 
from the vicinity of a heat source of the second 

25 semiconductor chip to a region of the first semiconductor 



chip not covered with the second semiconductor chip. In 
this case, the extension portion of the metal film may 
thermally be connected to the heat radiator via a bonding 
wire or the like. 
5 The first semiconductor chip and the second 

semiconductor chip are preferably bonded to each other 
with active surfaces thereof being opposed to each other. 
In this case, the bumps are usually provided on the active 
surfaces of the first and second semiconductor chips. 

10 Therefore, the metal films can be formed on the surfaces 
of the respective chips in the bump formation process. 
Thus , the metal films on the respective chips can be brought 
into contact with each other or bonded to each other when 
the first and second semiconductor chips are joined 

15 together. 

The first semiconductor chip is preferably 
die-bonded to a lead frame. Thus, heat dissipation of 
the first semiconductor chip can advantageously be 
achieved through the lead frame. 

20 The foregoing and other objects, features and 

effects of the present invention will become more apparent 
from the following description of the preferred 
embodiments with reference to the attached drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

25 Fig. 1 is a diagrammatic sectional view of a 
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semiconductor device according to a first embodiment of 
the present invention; 

Fig. 2 is a diagrammatic plan view of the 
semiconductor device of Fig. 1; 
5 Fig. 3 is a diagrammatic sectional view of a 

semiconductor device according to a second embodiment 
of the invention; 

Fig. 4 is a diagrammatic plan view of the 
semiconductor device of Fig. 3; and 
10 Fig. 5 is a diagrammatic sectional view of a 

semiconductor device according to a third embodiment of 
the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a diagrammatic sectional view of a 

15 semiconductor device according to a first embodiment of 
the present invention, and Fig . 2 is a diagrammatic plan 
view of this semiconductor device. The semiconductor 
device has a chip-on-chip structure, in which a mother 
chip or primary chip 1 as the first semiconductor chip 

20 and a daughter chip or secondary chip 2 (indicated by 
a two-dot-and-dash line in Fig. 2) as the second 
semiconductor chip are bonded to each other with active 
surfaces thereof being opposed to each other. The term 
^^active surface" hereinmeans a surface of a semiconductor 

25 chip having an active surface region in which functional 



9 

elements including an active element such as a transistor 
or a passive element such as a resistance are provided. 

The primary chip 1 and the secondary chip 2 may 
each be a silicon chip or a semiconductor chip of any 
5 other type such as of a germanium semiconductor or a 
compound semiconductor ( gallium arsenide semiconductor, 
gallium phosphide semiconductor or the like) , and are 
not necessarily required to be semiconductor chips of 
the same type . 

10 The primary chip 1 and the secondary chip 2 

respectively have chip interconnection pads PCI and PC2 
provided on the active surfaces thereof for 
interconnection therebetween. The primary chip 1 
further has external connection pads PE provided on the 

15 active surface thereof. Surface protective films (not 
shown) such as of silicon nitride are respectively 
provided on the outermost surfaces of the active surfaces 
of the primary chip 1 and the secondary chip 2, and the 
pads PCI, PC2, PE are exposed from openings formed in 

20 the surf ace protective films . Electrical and mechanical 
connection between the primary chip 1 and the secondary 
chip 2 is achieved by utilizing bumps B provided on both 
or either of the chip interconnection pads PCI and PC2 
of the primary chip 1 and the secondary chip 2. 

25 The external connection pads PE of the primary chip 
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1 are respectively connected to terminals Ft of a lead 
frame F via bonding wires W. The lead frame F includes 
an island Fi to which a semiconductor chip is die-bonded, 
and the terminals Ft for connection to the inside and 
5 outside of a package of the semiconductor device. The 
primary chip 1 is die-bonded to the island Fi . 

Noise shield films 11 and 12 are provided on the 
active surfaces of the primary chip 1 and the secondary 
chip 2, respectively, for shielding against a noise 

10 generated by the secondary chip 2. More specifically, 
the noise shield film 12 (not shown in Fig. 2), which 
is ametal film such as of gold, is provided on the secondary 
chip 2 to cover a portion of the outermost surface of 
the secondary chip 2 adjacent to a noise source NS such 

15 as a bipolar transistor provided in the secondary chip 
2. The noise shield film 11, which is a metal film such 
as of gold, is provided on the primary chip 1 to be brought 
into contact with or bonded to the noise shield film 12 
provided on the surface of the secondary chip 2. These 

20 noise shield films 11, 12 are preferably formed of the 
same material as the bumps B. In this case, the formation 
of the noise shield films 11, 12 can be achieved 
simultaneously with the formation of the bumps B. 

The primary chip 1 has a greater size than the 

25 secondary chip 2 as viewed in plan. The noise shield film 
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11 includes a shield portion 11a provided in an area where 
the noise source NS is present, and an extension portion 
lib extending outwardly from the shield portion 11a to 
a region of the primary chip not covered with the secondary 
5 chip 2. The extension portion lib is connected via a 
bonding wire W to a power supply terminal Ftp (one of 
the terminals Ft of the lead frame F) to which a supply 
potential or a ground potential is applied. 

When the semiconductor device is to be assembled, 

10 the primary chip 1 and the secondary chip 2 are bonded 
to each other via the bumps B, and the noise shield films 
11 and 12 are brought into contact with each other. Then, 
the primary chip 1 is die-bondedto the island Fi. Further , 
the primary chip 1 is wire-bonded to the terminals Ft, 

15 and the noise shield film 11 is wire-bonded to the power 
supply terminal Ftp. Thereafter, the chip-on-chip 
structure including the primary chip 1 and the secondary 
chip 2 is sealed in a package 5 with the use of a proper 
resin. At this time, the island Fi, parts of the terminals 

20 Ft and the bonding wires W are sealed in the package 5. 

In the semiconductor device of this embodiment 
having the aforesaid structure, the noise shield film 
11, 12 shield the primary chip 1 from a radiation noise 
from the noise source NS of the secondary chip 2, so that 

25 the radiation noise does not reach the primary chip 1. 
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Therefore, the primary chip 1 is prevented from being 
affected by the radiation noise from the secondary chip 
2 thereby to be free from deterioration in operating 
characteristics. At the same time, the secondary chip 
5 2 is prevented from being affected by a radiation noise 
from the primary chip 1, so that the secondary chip 2 
can properly maintain its characteristics for proper 
operation . 

In the aforesaid embodiment , the noise shield films 

10 11 and 12, which are provided on the active surfaces of 
the primary chip 1 and the secondary chip 2, respectively, 
are disposed in contact with each other or bonded to each 
other. Alternatively, the provision of the noise shield 
film 12 on the secondary chip 2 may be obviated with only 

15 the noise shield film 11 provided on the primary chip 
1. In such a case, the same effect can be achieved. 

Further, only the noise shield film 12 may be 
provided on the secondary chip 2, and connected to a bump 
B to which a supply potential or a ground potential is 

20 to be applied. 

Fig. 3 is a diagrammatic sectional view of a 
semiconductor device according to a second embodiment 
of the invention, and Fig. 4 is a diagrammatic plan view 
of this semiconductor device- The semiconductor device 

25 ofthis embodiment has substantially the same construction 
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as the semiconductor device of the first embodiment. In 
Figs. 3 and 4, therefore, components equivalent to those 
shown in Figs. 1 or 2 are denoted by the same reference 
characters as in Figs. 1 or 2. 
5 In the semiconductor device of the second 

embodiment, metal films 21, 22 which define a heat release 
path for releasing heat generated by the secondary chip 
2 are provided on the active surfaces of the primary chip 
1 and the secondary chip 2, respectively. More 

10 specifically, the metal film 22 (not shown in Fig. 2), 
which is formed of gold or the like, is provided on the 
secondary chip 2 to cover a region of the outermost surface 
of the secondary chip 2 adjacent to a heat source HS such 
as a bipolar transistor provided in the secondary chip 

15 2 . The metal film 21 , which is formed of gold or the like, 
is provided on the primary chip 1 so as to be brought 
into contact with or bonded to the metal film 22 provided 
on the surface of the secondary chip 2 . These metal films 
21, 22 are preferably formed of the same material as the 

20 bumps B. In such a case, the formation of the metal films 
21, 22 can be achieved simultaneously with the formation 
of the bumps B. 

The primary chip 1 is die-bonded to the island Fi, 
so that heat generated by the primary chip 1 is released 

25 to the outside through the lead frame F. 
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The primary chip 1 has a greater size than the 
secondary chip 2 as viewed in plan. The metal film 21 
extends from a region of the primary chip 1 where it is 
kept in contact with or bonded to the metal film 22 to 
5 a region of the primary chip 1 not covered with the 
secondary chip 2. The metal film 21 is thermally 
connected to a connection portion 20 of a heat sink (heat 
radiator) via one or plural bonding wires W. 

When the semiconductor device is to be assembled, 

10 the primary chip 1 and the secondary chip 2 are bonded 
to each other via bumps B, and the metal films 21, 22 
are brought into contact with each other. Then, the 
primary chip 1 is die-bonded to the island Fi . Further, 
the primary chip 1 is wire-bonded to the terminals Ft, 

15 and the metal film 21 is wire-bonded to the connection 
portion 2 0 o f the heat sink . Thereafter, the chip-on-chip 
structure including the primary chip 1 and the secondary 
chip 2 is sealed in a package 5 with the use of a proper 
resin. At this time, the island Fi, parts of the terminals 

20 Ft, the connection portion 20 of the heat sink and the 
bonding wires W are sealed in the package 5. 

In this embodiment, the heat generated by the heat 
source HS in the secondary chip 2 is transferred to the 
connection portion 20 of the heat sink by conduction 

25 through the metal films 21, 22 and the bonding wires W 
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thereby to be released from a main body of the heat sink 
outside the package 5. Where the secondary chip 2 serves 
as a driver circuit incorporating a bipolar transistor 
or a flash memory circuit with high heat release, the 
5 heat can advantageously be dissipated, so that the 
temperature rise of the secondary chip 2 and the primary 
chip 1 bonded thereto can be suppressed. This ensures 
proper operation of the primary chip 1 and the secondary 
chip 2, thereby improving the reliability of the 

10 semiconductor device. 

Fig. 5 is a diagrammatic sectional view for 
explaining the structure of a semiconductor device 
according to a third embodiment of the invention. In Fig. 
5, components corresponding to those shown in Fig. 3 are 

15 denoted by the same reference characters as in Fig. 3. 

In this embodiment, the secondary chip 2 includes 
a heat source HS and a noise source NS . Metal films 21, 
22 are provided on the primary chip 1 and the secondary 
chip 1, respectively, to cover a region of the secondary 

20 chip in which both the heat source HS and the noise source 
NS are present. That is, the metal films 21, 22 cover 
the same region as covered by the metal films 11, 12 in 
Figs . 1 and 2 . 

An extension portion of the metal film 21 on the 

25 primary chip 1 is connected to the connection portion 
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20 of the heat sink, and electrically connected to the 
power supply terminal Ftp (one of the terminals Ft of 
the lead flame F) to which a supply potential or a ground 
potential is applied. Although the connection portion 
5 20 of the heat sink and the power supply terminal Ftp 
are shown at different height levels in Fig. 5 for 
convenience of diagrammatic expression, they are 
preferably located in a plane in which the terminals Ft 
of the lead frame F are located. 

10 With this arrangement , themetal f ilms 2 1 , 22 define 

a heat release path for heat dissipation from the heat 
source HS, and also functions as noise shield films. The 
chip-on-chip semiconductor device is thus given a 
consideration for the heat dissipation and for the noise 

15 shield . 

In the second and third embodiments , the metal films 
21, 22, which are provided on the active surfaces of the 
primary chip 1 and the secondary chip 2, respectively, 
are disposed in contact with each other or bonded to each 

20 other. Alternatively, only the primary chip 1 may be 
formed with the metal f i Im 2 1 , which i s brought into contact 
with a surface portion of the secondary chip 2 adjacent 
to the heat source. 

While the present invention has been described in 

25 detail by way of the embodiments thereof, it should be 
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understood that the foregoing disclosure is merely 
illustrative of the technical principles of the present 
invention but not limitative of the same. The spirit and 
scope of the present invention are to be limited only 
5 by the appended claims . 

This application corresponds to Japanese Patent 
Applications No. 11-314081 and No. 11-314083 filed to 
the Japanese Patent Office on November 4, 1999^ the 
disclosure thereof being incorporated herein by 
10 reference . 
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What is claimed is: 

1. A semiconductor device comprising: 

a first semiconductor chip; 

a second semiconductor chip bonded onto the first 
5 semiconductor chip in stacked relation; and 

a noise shield film provided between the first 
semiconductor chip and the second semiconductor chip for 
preventing the first and second semiconductor chips from 
being mutually influenced by noises thereof. 
10 2 . A semiconductor device as set forth in claim 1, 

further comprising a connection mechanism which connects 
the noise shield film to a power supply portion. 

3. A semiconductor device as set forth in claim 2, 
further comprising a lead frame, 

15 wherein the connection mechanism includes a 

bonding wire which connects the noise shield film to a 
portion of the lead frame which has a supply potential 
or a ground potential. 

4. A semiconductor device as set forth in claim 1, 
20 further comprising an electrode portion provided between 

the first semiconductor chip and the second semiconductor 
chip for electrical connection between the first and 
second semiconductor chips, 

wherein the noise shield film is composed of the 
25 same material as the electrode portion. 
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5. A semiconductor device as set forth in claim 4, 

wherein the electrode portion includes a bump which serves 
for electrical and mechanical connection be tween the first 
and second semiconductor chips. 
5 6. A semiconductor device as set forth in claim 1, 

wherein the first semiconductor chip is greater in size 
than the second semiconductor chip, and the noise shield 
film is provided on a surface of at least the first 
semiconductor chip. 

10 7 , A semiconductor device as set forth in claim 6, 

wherein a major noise source is present in the 
second semiconductor chip, 

wherein the noise shield film includes a shield 
portion which covers an area in which the major noise 

15 source is present, and an extension portion extending 
outwardly from the shield portion on a surface of the 
first semiconductor chip. 

8. A semiconductor device as set forth in claim 1, 
wherein the noise shield film is provided in a region 

20 which covers a major noise source. 

9. A semiconductor device as set forth in claim 1, 
wherein the first and second semiconductor chips are 
bonded to each other with active surfaces thereof being 
opposed to each other. 

25 10. A semiconductor device as set forth in claim 1, 
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wherein the noise shield film includes a metal film 
provided on a surface of at least one of the first 
semiconductor chip and the second semiconductor chip. 

11. A semiconductor device comprising: 
5 a first semiconductor chip; 

a second semiconductor chip bonded onto the first 
semiconductor chip in stacked relation; 

a heat conductive member provided between the first 
semiconductor chip and the second semiconductor chip to 
10 define a heat release path for releasing heat generated 
by the second semiconductor chip; and 

a connection member thermally connecting the heat 
conductive member to a heat radiator. 

12. A semiconductor device as set forth in claim 11, 
15 wherein the heat radiator includes a heat sink. 

13. A semiconductor device as set forth in claim 12, 
wherein the connection member includes a bonding wire 
which connects the heat conductive member to the heat 
sink . 

20 14. A semiconductor device as set forth in claim 11, 
wherein the heat conductive member includes a metal film 
provided on a surface of at least one of the first 
semiconductor chip and the second semiconductor chip. 
15. A semiconductor device as set forth in claim 14, 

25 wherein the first semiconductor chip is greater 



21 

in size than the second semiconductor chip, 

wherein a maj or heat source is present in the second 
semiconductor chip, 

wherein the metal film has an extension portion 
5 which extends from the vicinity of the major heat source 
to a surface portion of the first semiconductor chip not 
covered with the second semiconductor chip, and the 
extension portion of the metal film is thermally connected 
to the heat radiator via the connection member. 
10 16. A semiconductor device as set forth in claim 11, 
wherein the heat conductive member includes a first 
metal film provided on a surface of the first semiconductor 
chip and a second metal film provided on a surface of 
the second semiconductor chip, and the first metal film 
15 and the second metal film are disposed in contact with 
each other or bonded to each other, 

wherein the first metal film is thermally connected 
to the heat radiator via the connection member. 
17. A semiconductor device as set forth in claim 11, 
20 further comprising an electrode portion provided between 
the first semiconductor chip and the second semiconductor 
chip for electrical connection between the first and 
second semiconductor chips, 

wherein the heat conductive member is composed of 
25 the same metal material as the electrode portion. 
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18. A semiconductor device as set forth in claim 17, 
wherein the electrode portion includes a bump which serves 
for electrical and mechanical connect ion between the first 
semiconductor chip and the second semiconductor chip. 
5 19. A semiconductor device as set forth in claim 11, 
further comprising a lead frame, 

wherein the first semiconductor chip is die-bonded 
to the lead frame. 

20. A semiconductor device as set forth in claim 11, 
10 wherein the first and second semiconductor chips are 

bonded to each other with active surfaces thereof being 
opposed to each other. 

21. A semiconductor device comprising: 
a first semiconductor chip; 

15 a second semiconductor chip bonded onto the first 

semiconductor chip in stacked relation; and 

a metal film provided between the first 
semiconductor chip and the second semiconductor chip. 

22. A semiconductor device as set forth in claim 21, 
20 wherein the metal film is provided in a region which covers 

a ma j or noise source within the second semiconductor chip . 

23. A semiconductor device as set forth in claim 21, 
wherein the metal film provides a heat release path for 
releasing heat from a major heat source within the second 

25 semiconductor chip. 
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24. A semiconductor device as set forth in claim 21, 
wherein the metal film is provided in a region which covers 
amajornoise sourcewithinthe second semiconductor chip, 
and also provides a heat release path for releasing heat 

5 from the ma j or heat source within the second semiconductor 
chip . 

25. A semiconductor device as set forth in claim 21, 
further comprising an electrode portion provided between 
the first semiconductor chip and the second semiconductor 

10 chip for electrical connection between the first and 
second semiconductor chips, 

wherein the metal film is composed of the same metal 
material as the electrode portion. 
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ABSTRACT OF THE DISCLOSURE 

A semiconductor device of chip-on-chip structure 
is provided which includes a first semiconductor chip 
and a second semiconductor chip bonded onto the first 
5 semiconductor chip in stacked relation. In one 

embodiment, a noise shield film is provided between the 
first semiconductor chip and the second semiconductor 
chip for shielding against a radiation noise from the 
second semiconductor chip. In another embodiment, a 
10 metal film is provided between the first semiconductor 
chip and the second semiconductor chip to provide a heat 
release path for releasing heat generated by the second 
semiconductor chip. 
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^^M.W1&^^3 7f^^l^5 6]MfcS^$tt5i: I acknowledge the dutyto disclose information which is material 
#I^Kfe<^:^^*l^cov^-CSS^t^ft$S?r^^■t■5^^^^ to patentability as defined in Title 37, Code of Federal 
fe^ Ct^M^'t'to Regulations, Section 1.56. 
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O'jSO — / 
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Japanese Language Declaration 



*BS*ll3 5^11 9^(aHd):^X&3 6 5^ 



Prior Foreign Application{s) 
11-314081 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119(a)-(d)or 365(b) of any foreign application(s) for 
patent or inventor's certificate, or 365(a) of any PCT Inter- 
national application wtiich designated at least one country 
otiner than the United States, listed below and have also 
identified below, by checking the box, any foreign application 
for patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which priority 
is claimed. 

Priority Claimed 



Japan 



04/11/1999 



(Number) 
11-314083 



(Country) 



(Day/Month/Year Filed) 



Japan 



04/11/1999 



(Number) 
?Af±. ^3 5 



(Country) 



(Day/Month/Year Filed) 



Yes 
Yes 



□ 
No 

□ 
No 



119 ^Ce)]Sf 



Sv^TTIE^tI^ I hereby claim the benefit under Title 35, United States Code, 
|V^fcU"fei"« Section 119(e) of any United States provisional application(s) 
listed below. 



(Application No.) 



(Filing Date) 
(ffiJ^B) 



(Application No.) 



(Filing Date) 
(tBUB) 



fc, i^mm^o^m^^m^Dn^timm^^^^ 5^112^ 

1 ^ 5 6 S 



(Application No.) 



(Filing Date) 
(tBUB) 



(Application No.) 



(Filing Date) 
(dJlUB) 



1 8^mi 0 0 l^fCftoi:, la^^fctt^pJ^, 'bU<Ji^ 



I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365(c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code Section 
112, I acknowledge thedutyto disclose information which is 
material to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56 which became available between the 
filing date of the prior application and the national or PCT 
International filing date of application. 



(Status: Patented, Pending, Abandoned) 



(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 



^^'■ik: flitTti<D^^n^tLX. *tBgIfc^-t"5>— ^<=5 POWER OF ATTORNEY: Asa named inventor, I hereby appoint 

^l^^^^^¥rl^MmiiCMVXMfTt^^M±t.tc\t-i^mX the following attorney(s) and/or agent(s) to prosecute this 

tL'X. TfB<^^^tBiSV^fcb^-t, (#ll±, "^Ttfi-ftS application and transact all business in the Patent and Trademark 

X(DS:^RX:^^^^^^9M%i<DZ t ) Office connected therewith {lisj name and registration number). 



Ronald P. Kananen 


24,104 


David L. Benson 


42,314 


John E. McGarry 


22,360 


Joel E. Bair 


33,356 


H. Lawrence Smith 


24,900 


Richard D, Grauer 


22,388 


Ralph T. Rader 


28,772 


Michael D. Fishman 


31,951 


Joseph V. Coppola, Sr. 


33,373 


Mark A. Davis 


37,118 


Michael B. Stewart 


36,018 


Stefan V. Chemielewski 


39,914 


Shmuel Livnat 


33,949 


Annette R. Carrothers 


40,548 


Steven L. Nichols 


40,326 


Kristin L. Murphy 


41,212 


Glenn E. Forbis 


40,610 


Christoper M. Tanner 


41,518 


Kevin D. Rutherford 


40,412 


Paul D. Amro20wicz 


45,264 


Alexander D. Rabinovich 


37,425 


G. Thomas Williams 


42,228 


Matthew J. Russo 


41,282 


John W. Rees 


38,278 


Monica Millner 


42,894 







Send Correspondence to: 
Monica Millner 

Rader, Fishman & Grauer PLLC 
1233 20'^ Street, N.W. Suite 501 
Washington, D.C. 20036 



■fi^SlSJS^&Tfe : i^m'&.XSMaS^-^) Direct Telephone Calls to: (name and telephone number) 

Telephone: (202) 955-3750 Telephone: (202) 955-3750 



Facsimile: (202) 955-3751 


Facsimile: (202) 955-3751 




Full name of sole or first inventor .. , . 

Keiichi DEN 




Inventor'ssignature / > jp Date 




Residence 

Kyoto , Japan 


mm 


Citizenship , 

Japan 




Post Office Add ress / -notjn^ nr\ t t^tv m c • • 
c/o ROHM CO., LTD., 21, Saim 




Mizosaki-cho, Ukyo-ku, Kyoto 615-8585 .Japan 




Full name of second joint Inventor, if any 




Second inventor'ssignature Date 




Residence 


mm 


Citizenship 




Post Office Address 







(^Hiy.^<^*l^^0^#fCOV^-C %lWI:iifc|B^ l-. W^S^I" (Supply similar information and signature for third and 
5 C i: ) subsequesnt joint inventors.) 
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